The objectives were to determine the effect of administering recombinant bovine ST (bST) every 14 d on milk yield and milk composition in dairy ewes and to assess the possible effects of treatment on milk yield loss that occurs at lamb weaning. Seventytwo lactating dairy ewes were separated into 4 groups at lambing, and each group received no bST (control) or 40, 80, or 120 mg of bST every 14 d until wk 20 of lactation. During the first 5 wk of lactation, ewes suckled their lambs during the night and were milked once daily (period 1). After weaning, from 6 to 22 wk of lactation, ewes were exclusively milked twice daily (period 2). Actual milk yield, potential milk yield, and milk component percentages were recorded weekly throughout lactation. In period 1, bST-treated groups increased yields of potential milk (P = 0.04) and the corresponding 6% fat-corrected milk (FCM; P = 0.04) but not actual milk yield (P = 0.42) compared with the untreated group. In period 2, treated groups increased potential (P < 0.01) and actual (P < 0.01) milk yields as well as their corresponding 6% FCM (potential, P < 0.01; actual, P < 0.01), in comparison with the untreated group. The group treated with 120 mg of bST every 14 d yielded 39% more actual milk and 44% more 6% FCM than the control group for period 2. At weaning, between the last week of period 1 and the first week of period 2, treated groups showed similar absolute (P = 0.15) and relative (P = 0.33) values for the potential milk losses compared with the control group. Treatments increased (P = 0.04) actual milk fat percentages during period 1, but did not affect the other milk components or somatic cell count. In summary, bST increased potential milk yield throughout lactation and actual milk yield only after weaning in dairy ewes. In dairy ewes, bST was not useful for reducing the milk yield loss that occurred at weaning.
INTRODUCTION
Two commonly used management systems for the production of ewe milk are the mixed system (Gargouri et al., 1993) , which involves a suckling and milking period immediately after lambing (period 1) followed by a period of exclusive milking (period 2), and the artificial rearing system (McKusick et al., 2001) , with an exclusive milking period from the time of lambing. In the former, lamb suckling significantly increases milk yield of the ewe in period 1, as compared with the milk yield obtained with the artificial rearing system (Labussière et al., 1974; McKusick et al., 2002b) . However, this increased milk yield does not usually persist during the subsequent exclusive milking period because milk production drops by approximately 17 to 40% after weaning (Labussière, 1988; McKusick et al., 2002b) .
Several procedures used to prevent milk yield losses at weaning have proved to be unsuccessful, such as massaging udders with a cloth previously immersed in water at 40°C before attaching teat cups, an increase in the number of corpus luteum before weaning, habituation of animals to the milking parlor, injection of oxytocin before milking or after stripping, or suckling twice a day (Labussière et al., 1978; Rodríguez et al., 1993; Marnet and Negrão, 2000) .
The use of bovine ST (bST) in ewes to attenuate the milk yield loss at weaning has not been fully studied. Fernández et al. (1995) reported that, upon reducing the number of daily milking from twice to once daily, there was a 27 or 33% decline in milk production for bST every 14 d treated or control groups, respectively. These observations suggested that bST could be useful for limiting the milk yield losses at weaning within a mixed management system. The objectives were to determine the effect of recombinant bST administered every 14 d to lactating dairy ewes on milk yield and milk composition and to assess the possible effects of the treatment on the milk yield loss that occurs at lamb weaning.
MATERIALS AND METHODS
All procedures involving animals were approved by the Committee on Ethics in Research of the Polytechnic University of Valencia (Spain).
Ewes and General Procedures
Twenty-four primiparous and 48 multiparous Manchega ewes (BW = 60 ± 2 kg) were used in a dosetitration experiment at the experimental farm of the Polytechnic University of Valencia (Spain). Mating was synchronized by the intravaginal sponge method (30 mg of FGA-fluorogestone acetate and 450 IU of PMSG; Chrono-gest, CEVA Salud Animal, Intervet, Salamanca, Spain), and all lambings took place over a 14-d period. At lambing, ewes were categorized by lactation number and randomly assigned to 1 of 4 experimental groups (0, 40, 80, or 120 mg of bST every 14 d). Each ewe suckled 1 lamb freely during wk 1 of lactation and was subjected to a restricted suckling (1900 to 0800 h) and once daily milking (1700 h) system from 2 to 5 wk (period 1). Free access to hay (900 g of DM/ kg; 176 g of CP/kg of DM; 344 g of ADF/kg of DM), concentrate (905 g of DM/kg; 204 g of CP/kg of DM; 72 g of ADF/kg of DM), and water was offered to the lambs during the separation period from their mothers. Thereafter, ewes were subjected to an exclusive twice daily milking system at 0800 h and 1700 h until the end of lactation at wk 22 (period 2). All ewes were kept together in the same pen (size = 1.5 m 2 /ewe; feeder = 0.5 m/ewe; 6 bowl water troughs) and received, twice daily (at 0900 and 1800 h), the same total mixed ration throughout the lactation period. The ration was formulated according to Bocquier et al. (1988) and Caja (1994) and consisted of 1) a basal diet to meet minimum recommendations for maintenance plus 0.7 L of milk/d (1.99 Mcal of NE, 123 g of MP, 8.7 g of Ca, 4.9 g of P), which included alfalfa hay (42% as fed), straw (15%), brewer grains (18.5%), beetroot pulp (6%), and orange pulp (18.5%) and 2) a commercial concentrate for lactating ewes (1.62 Mcal of NE, 135 g of MP, 9 g of Ca, and 4 g of P per kg of DM) to meet a total average milk yield of 2.1, 1.5, and 1.1 L milk per ewe per day. These average milk yield values were obtained from 1 to 7, 8 to 14, and 15 to 22 wk of lactation, respectively. Rations were offered to the ewes in a mass 10% greater than the calculated voluntary feed intake. A high line Casse type milking parlor (2 platforms; 12 ewes per platform; 6 milking units) was used, with the following conditions: vacuum = 36 kPa, pulsation rate = 180 pulsation cycles per min and pulsation ratio = 50%. Ewes were machine-milked without any udder preparation and using the following routine: machine milking, machine stripping, and postmilking teat-dipping (Proactive Plus, 0.15% iodine, 4% glycerine, and 4% sorbitol-based emollient, DeLaval, Drongen, Belgium). Machine stripping involved a vigorous udder massage for 5 to 10 s just before the teatcups were removed.
Treatments
Treatments involved subcutaneous injections of recombinant bST (Sometribove, Monsanto Europe, Brussels, Belgium) in a sustained-release formula designed to deliver bST over a 14-d period in lactating dairy cows. Each of the 4 experimental groups was randomly assigned to 1 of 4 treatments: no bST injection (control) or 40, 80, or 120 mg of bST every 14 d from 2 to 20 wk postpartum. Hormone was administered subcutaneously in the postscapular region on Thursday mornings, alternating sides each time. Different doses were obtained by volume, with a 1-mL syringe.
Experimental Data and Sample Collection
Milk yield was recorded once per week (on Tuesday evening and Wednesday morning) throughout lactation, and daily milk yield was calculated as morning milk volume plus afternoon milk volume. Record 0 was taken at wk 2 of lactation (on Tuesday/Wednesday), before the first injection (on Thursday). At each milk recording, milk samples (50 mL) were collected for immediate analysis of milk composition and somatic cell count (SCC). Composition of daily milk was calculated as follows: [(morning milk volume × composition + afternoon milk volume × composition)/24-h milk volume)]. Potential milk yield was determined every week, on Wednesday, at 1000 h (period 1) or after the morning milking (period 2), according to the double oxytocin injection method (McCance, 1959; Doney et al., 1979) . Ewes were injected twice with 3 IU of oxytocin (Hormonipra, Laboratorios Hipra, S. A., Girona, Spain) into a jugular vein, with a 4-h time interval between injections. After each injection, udder was emptied by hand and milk volume obtained after the second injection was multiplied by 6 to estimate the daily potential milk yield. A sample (50 mL) of the potential milk yield was collected and immediately analyzed for milk composition and SCC. Milk composition (fat, protein, lactose, and total milk solids content) was analyzed with an infrared analyzer (MilkoScan FT120, Foss Electric, Hillerød, Denmark), and SCC was determined with the fluoro-opto-electronic method (ISO, 2008; Fossomatic 90, Foss Electric) . Milk yield was expressed as fat corrected milk (FCM) at 6% fat milk using the equation proposed by Molina et al. (1991) for Manchega dairy ewes [FCM yield = milk yield × (0.106 × % fat + 0.362)].
Ewes were weighed and scored for body condition at the following time points: before the beginning of the bST injections, at lamb weaning, and at 28-d intervals thereafter. A 5-point scoring system (0 = very thin to 5 = very fat) was used to assess body condition (Russel et al., 1969) .
Statistical Analysis
Milk yield, milk composition, BW, and BCS were analyzed statistically with a model that included the fixed effects of bST dose, lactation number, record, and their corresponding interactions, the random effect of ewe within the bST dose group and lactation number, covariant adjustment, and residual error. Records collected before starting the bST treatment (wk 2) were used as the covariant. The SCC logarithm was used to normalize SCC distribution (Ali and Shook, 1980) and was analyzed using the model described above, but without the covariant adjustment. When an interaction was nonsignificant (P > 0.05), the corresponding interaction term was pooled with the error. These models were analyzed with mixed model (MIXED procedure, SAS Inst. Inc., Cary, NC), which included repeated statements. For each dependent variable, the Akaike information criterion was used to define the covariance structure, following Littell et al. (1998) . Differences among treatment means were evaluated using linear and quadratic contrasts (Mason et al., 1989 ) except for BW and BCS, where the separation of the means for the determination of a significant (P < 0.05) main effect was determined using pairwise contrasts (PDIFF option of SAS). Lactation period was studied as a whole for BW and BCS, but periods 1 and 2 were studied separately for milk yield, composition, and SCC, given the different ewe management.
Potential milk yield losses at weaning were calculated on absolute values (the difference in potential milk yield between 5 and 6 wk, expressed in milliliters) and relative values (the difference in potential milk yield between 5 and 6 wk, expressed as percentage of potential milk yield at wk 5). Both variables were analyzed statistically with a model (GLM procedure of SAS) that included the fixed effects of bST dose, lactation number, and their interaction. Differences among treatment means were evaluated using linear and quadratic contrasts (Mason et al., 1989) .
RESULTS

Milk Production and Milk Composition
All interactions and quadratic contrasts were nonsignificant (P > 0.05) for period 1 (2 to 5 wk; suckling and milking) and period 2 (6 to 22 wk; exclusive milking). For period 1, the linear components of potential milk yield and the corresponding 6% FCM were positive and significant (P = 0.01 and P = 0.04, respectively; Table  1 ), whereas they were nonsignificant for actual milk yield and corresponding 6% FCM (P = 0.51 and P = 0.42, respectively; Table 1 ). For period 2, the linear components were positive and significant for both potential milk yield and the corresponding 6% FCM (P < 0.01 and P < 0.01, respectively; Table 2 ) and the actual milk yield and the corresponding 6% FCM (P < 0.01 and P < 0.01, respectively; Table 2 ). Therefore, in period 2, 6% FCM of actual milk yield from ewes receiving 40, 80, or 120 mg of bST every 14 d increased by 18, 33, or 44%, respectively, in comparison with the control group (Table 2) .
In terms of milk composition, only the milk fat percentage of the actual milk during period 1 increased linearly with the increased bST doses (P = 0.04; Table 1 ). It is interesting to note that the fat percentage of the actual milk in period 1 (3.1 to 3.7 ± 0.1; Table 1 ) was much less than that of potential milk in period 1 (7.8 to 8.2 ± 0.4; Table 1), or their respective values in period 2 (7.7 to 8.1 ± 0.2; Table 2 ). The SCC did not (P = 0.223 for period 1 and P = 0.909 for period 2) exhibit a linear trend with increasing bST doses. None of the ewes required treatment for mastitis during the trial.
Weekly evolution of potential and actual milk yields throughout lactation is presented in Figure 1 . The potential milk yield evolution curves for treated groups remained above those corresponding to the control group after the first bST injection. In contrast, actual milk yield curves showed a mixed evolution for all the experimental groups in period 1, but in period 2, the bST-injected groups remained above the control group. At weaning, all groups experienced a notable decline in potential milk yield, whereas the actual milk increased dramatically. Potential milk yield curves during periods 1 and 2 and actual milk yield curves during period 2 showed an undulating pattern in response to the 14-d bST injections.
Weekly evolution patterns of the potential and actual milk fat percentages are presented in Figure 2 . The fat percentage of potential milk was increased for all of the experimental groups before weaning (7.5 to 9%) and after weaning (8 to 10%). The actual milk fat percentages were very small for all groups before weaning, but after the first bST injection, the percentages were greater (P = 0.04; Table 1) for the treated groups (3.3 to 4%) than for the control group (3 to 3.3%). After weaning, the percentage of fat in actual milk increased to approximately 8% for all groups.
Milk Yield Losses at Weaning
Absolute milk losses at weaning varied from 427 mL for the control group to 683 mL for the 120 mg of bST every 14 d group, whereas the corresponding relative values varied from 25 to 30%, respectively (Table 3) . However, the linear components for the absolute and relative milk yield losses at weaning were not significant (P = 0.155 and 0.330, respectively), although they were positive (Table 3) .
BW and BCS
For the BW and BCS variables, interaction bST dose × record was significant (P = 0.04 and 0.03, respec-tively). Body weight tended to increase throughout lactation (Figure 3) . However, the first record obtained after weaning (wk 9 postpartum) indicated that the less productive groups (control and 40 mg of bST every 14 d) showed slight reductions in the BW values, and significant differences (P < 0.05) were found between the control group and the group treated with 80 mg of bST only in this record. This fact could explain the significance of interaction bST dose × record.
Body condition score tended to decline during period 1 for bST-injected groups (Figure 3 ), but after weaning, an obvious recovery was observed for all groups, Table 1 . Least squares means for the potential and actual milk yield and composition from ewes (n = 18 per group) administered sustained-release bovine ST (bST) every 14 d during the suckling and milking period (wk 2 to 5 of lactation; period 1) Values were calculated as a linear combination of the 4 dose level means whose coefficients add up to zero (−3, −1, 1, and 3 for 0, 40, 80, and 120 mg of bST, respectively). A positive value of the linear contrast shows a tendency of the response variable to increase according to the increment of bST dose and the contrary in the case of a negative value. Values were calculated as a linear combination of the 4 dose level means whose coefficients add up to zero (−3, −1, 1, and 3 for 0, 40, 80, and 120 mg of bST, respectively). A positive value of the linear contrast shows a tendency of the response variable to increase according to the increment of bST dose and the contrary in the case of a negative value.
especially for control and 40 mg of bST every 14 d groups. Therefore, BCS for the groups injected with 80 or 120 mg of bST every 14 d was significantly less (P < 0.05) than the 40 mg of bST group at 13 wk postpartum and also less than the control and 40 mg of bST groups at 17 wk postpartum. These facts could explain the significance of interaction bST dose × record.
DISCUSSION
Treatment with bST every 14 d increased the potential milk yield throughout lactation, but increased the actual milk yield only during period 2, with respect to the control group. For period 2, an increase of 209 mL/d was obtained in the actual 6% FCM for the first 40 mg of bST every 14 d (40 mg of bST group), of 164 mL/d for an additional 40 mg (80 mg of bST group) and of 123 mL/d for the final additional 40 mg (120 mg of bST group), which means that a decreasing marginal return of 5.2, 4.1, or 3.1 mL/d actual 6% FCM per mg of bST injected with 40, 80, or 120 mg of bST every 14 d, respectively, was obtained. These results are consistent with those reported by Fernández et al. (1995) who obtained a marginal return of 3.8 or 1.2 mL/d of actual 6% FCM per mg of bST injected when the animals were treated with 80 or 160 mg of bST every 14 d.
The groups receiving 40 or 80 mg of bST every 14 d were not able to maintain the increased potential milk yield rates during the second record after the first treatment, as compared with the group receiving Values were calculated as a linear combination of the 4 dose level means whose coefficients add up to zero (−3, −1, 1, and 3 for 0, 40, 80, and 120 mg of bST, respectively). A positive value of the linear contrast shows a tendency of the response variable to increase according to the increment of bST dose and the contrary in the case of a negative value. 120 mg of bST every 14 d, which is in agreement with Fernández et al. (2001) who reported that the decrease in milk production for the group injected with 80 mg of bST every 14 d occurred between +11 and +12 d posttreatment.
Notably, potential milk yield presented a large drop at weaning and bST treatment did not contribute to its reduction. When separated from their lambs, the stress of the ewe caused the blockage of milk ejection and, thus, the retention of a considerable amount of milk in the alveoli (Labussière and Petrequin, 1969; McKusick et al., 2002b) . This retention (Rennison et al., 1993; Peaker and Wilde, 1996) may slow down the activity of secreting cells by the negative effect of feedback inhibitor of lactation. This observation seems to support Labussière (1988) , who proposed that only the genetic improvement of milkability can mitigate the sudden decline in milk production that occurs after weaning, considering milkability as the ability to release milk into the ductal system during milk removal. Thus, McKusick et al. (2002b) observed a 17% milk yield loss at weaning in East Friesian dairy ewes, a high yield breed, whereas the 30% loss observed in this study occurred with a breed characterized by a low yield performance. On the contrary, actual milk yield increased at weaning due to the increase in the number of milkings per day and the lack of lamb suckling.
The actual milk fat content in the suckling and milking period (period 1) was very small but was greater in the bST-treated groups than in the control group, as previously reported by Fernández et al. (1995) and Sallam et al. (2005) for ewes, and by Bremmer et al. (1997) for dairy cows. It was reported in dairy ewes and dairy cows (Bremmer et al., 1997; Molento et al., 2005) that, in terms of negative energy balance, plasma NEFA concentrations increased, and more fatty acids were incorporated into milk fat probably because they were mobilized to supply energy in support of milk synthesis. Although nonsignificant, a more pronounced decline in BCS for the bST-treated groups observed in this trial may be related to a greater negative energy balance and may explain the differences in the fat percentage.
The smaller actual milk and actual milk fat percentage values obtained during the suckling and milking period, as compared with the values for potential milk, support the premise that there is a disturbed milk ejection and that the low actual milk production for the most part corresponds to the volume of cisternal milk (Labussière, 1976; McKusick et al., 2002b) . This explanation is consistent with the observation that 48% of the udder milk in Manchega ewes is located in the cisternal cavity (Rovai, 2001) , and it has a smaller fat content because a considerable amount of fat is retained in the ductal and alveolar portions of the udder (Labussière, 1969; McKusick et al., 2002b) . According to McKusick et al. (2002b) and Negrão and Marnet (2003) , milk ejection due to oxytocin is necessary not only to maintain milk synthesis and secretion in ewes throughout lactation, but also to obtain greater fat content in milk. Exclusively analyzing the milk from the suckling and milking period, Requena et al. (1999) and Schmidely and Sauvant (2001) reported different milk fat profiles in regard to those from the exclusive milking period, differences that may affect the taste of sheep milk products. However, after weaning, actual milk yield and actual milk fat percentage values were closer to the values for potential milk, indicating that there is no problem with milk ejection during the remaining weeks of lactation, once the milk-ejection reflex was recovered (McKusick et al., 2002b) .
For the actual and potential milk in both periods, the SCC was similar for all groups, which fully agrees with the results reported by Fernández et al. (1995) for dairy sheep when 80 and 160 mg of bST (Sometribove) doses were administered over a period of time similar to the period in this experiment. However, the fact that the SCC values from potential milk for period 1 were closer to the SCC from actual milk (essentially cisternal milk) seems to disagree with Peris et al. (1991) and McKusick et al. (2002a) , who observed an increase in SCC and milk fat percentages for the milk fractions collected from the ductal and alveolar portions of the udder. A possible emptying of the SCC due to the first oxytocin injection to obtain potential milk in this experiment could explain this discrepancy.
The BCS at lambing for all groups was slightly <3, which is considered normal by Bocquier and Caja (1993) . The profiles reflected a slower BCS recovery for groups injected with 80 and 120 mg of bST, which is consistent with their greater milk yield. The observation that BW increased more rapidly in the groups treated with bST could be explained in the light of the results of Cowan et al. (1979 Cowan et al. ( , 1980 Cowan et al. ( , 1981 and Sandles et al. (1988) , who reported an increase in DMI for ewes 2 wk after beginning the bST injections, in addition to a larger gut size and greater water content in animals along a loss in body fat at early lactation.
In summary, bST increased potential milk yield throughout lactation, actual milk yield after weaning, and actual milk fat before weaning in dairy ewes. Moreover, it did not change SCC in comparison with the untreated group. In dairy ewes, bST was not useful for reducing the milk yield loss that occurs at weaning.
